Abstract: Three long-rod silicone rubber composite insulators used in 230 kV power transmission lines were evaluated for aging affects. The insulators were obtained from various outdoor desert locations within Saudi Arabia where they had been in service for 6 years. Surface degradation associated with the aging process was analyzed by using Scanning Electron Microscopy (SEM) coupled with Energy Dispersive X-ray Spectroscopy (EDS), Fourier Transform Infra-Red Spectroscopy (FTIR), and Electron Spectroscopy for Chemical Analysis (ESCA). Electrical performance of insulators was evaluated by Rapid Flashover Voltage Tests (RFVT) and Pollution Severity Measurement Tests. Depending on their locations of service, the samples exhibited various types of pollutants at their surfaces. The analysis indicated that the insulator material showed localized surface degradation while there was no evidence of micro-cracking. Furthermore, it was noted that the electrical performance of the insulators was not significantly affected by exposure during the in-service period.
Introduction
Insulators function against both the operating voltage and the abnormal voltages that are occasionally encountered in the power system. They also support the conductors. The performance of an insulator usually depends on various interrelated factors, such as the quality of raw materials, design, manufacturing technique, and quality control.
Silicone rubber insulators offer a superior electrical performance over their porcelain and glass counterparts for outdoor service (Ref 1-4). They are easy to install and offer superior long-term insulating properties in high-voltage power transmission lines. Advanced performance of silicone insulators is attributed primarily to their ability to retain hydrophobicity and control leakage currents during service in harsh environments (Ref 5) . Silicone rubber exhibits the capacity to recover its hydrophobicity even after being stressed and contaminated. This ability assumes greater importance in the climatic conditions of Saudi Arabia, which is characterized by high temperature-humidity regimes. During summer, the temperature rises above 50°C. In winter, the fast blowing north wind Shamal gives rise to dust storms. In addition, the atmosphere of the Arabian Gulf region is laden with high chloride levels in The insulating property of silicone rubber material is degraded and leakage currents increase when the initially hydrophobic surface becomes hydrophilic due to depletion of low molecular weight (LMW) polymer chains at the surface caused by dry band arcing. However, a temporary discontinuation in dry band arcing can restore the hydrophobicity of the material. This recovery is thought to be due to the diffusion of LMW polymer chains from the bulk of the material to its surface (Ref 3-5); thus imparting a relatively long service life to the silicone insulator. However, permanent changes at the material surface do take place and result in property degradation over time. These changes are represented by depolymerization of the surface in the form of a reduction in the quantity of the LMW polymer chains resulting in increased leakage currents (Ref 5) . Degree of roughness and elemental constitution of the polymer surface when correlated with electrical properties of the insulator can help us to determine if the component is fit to remain in service. A measure of these properties can be obtained by SEM/EDS analysis, FTIR, ESCA, and flashover tests.
The aim of this study was to determine the degree of degradation and decomposition of the used silicone rubber insulator material due to outdoor exposure. It involved the study of kind of changes that are associated with the aging process of silicone rubber in so far as these changes are manifested in the top surface layers of the samples by using SEM/EDS, FTIR, and ESCA. It was also intended to evaluate the electrical performance of the insulator and find ways to correlate it with the material's surface condition. This study forms part of a larger investigation that is being conducted in order to determine a viable methodology for evaluating and eventually predicting aging characteristics of silicone rubber insulators currently being used in locations exhibiting wide variety of atmospheric conditions.
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